Title of the invention 

Optimised control of flap actuator of a motor- 
vehicle air-conditioning installation. 



5 Field of the invention 

The invention relates to actuators of flaps for 
distribution or mixing of air or for recirculation (air 
intake) in motor-vehicle air-conditioning installations. 
Background of the invention 
10 In such installations, the flaps are moved by 

geared-down motors in response to actuation commands pro- 
M duced by a central control unit on the basis of the re- 

: =? quirements to be satisfied, such as starting or stopping 

']:{! of ventilation, adjustment of ambient temperature, de- 

■|fj 15 misting, deicing, etc. 

l.j Whether it is to respond as rapidly as possible 

« : to the requirements, or to cope with particular situa- 

o 

% A tions, for example detection of pollution, it is desir- 

H able to shift the flaps so as to bring them into the de- 

p 20 sired position in the shortest possible time. 

To that end, the geared-down motors, generally 
stepper motors, are chosen to deliver the necessary power 
to drive the flaps at maximum speed under all circum- 
stances, that is to say whatever the fluctuations in the 
25 power-supply voltage and the requirements in terms of 
torque. The torque requirements are variable not only on 
the basis of the technology of the flaps and of the na- 
ture of their drive kinematics, but also on the basis of 
instantaneous conditions, such as ventilation power, 
3 0 back-pressure exerted on the flap and acting in opposi- 
tion to the desired movement, temperature, etc. 

The geared-down motors used in the known air- 
conditioning installations are therefore over -dimensioned 
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in terms of power in order to satisfy the torque require- 
ments . 

Summary of the invention 
5 The object of the invention is to allow the use 

of geared-down motors of lower power than those habitu- 
ally used nowadays, so as to reduce the costs of the air- 
conditioning installations, but while satisfying the 
torque requirements and without substantially penalising 
10 the speed of execution of the actuation commands. 

This object is achieved, in accordance with the 
U invention, by a method of control of an actuator stepper 

motor according to which, during the actuation of the 
Ml flap, the drive frequency of the stepper motor is adapted 

01 15 to the requirements for torque delivered by the motor for 
Q shifting the flap. 

s The adaptation of the drive frequency can be 

o 

|,4 achieved by continuously gathering information represent - 

J-U ing the requirements for torque delivered by the motor in 

p 2 0 order to shift the flap, the drive frequency being re- 
duced, if appropriate, in response to a detected increase 
in the torque requirements and, when the drive frequency 
is below a predetermined maximum frequency, the drive 
frequency being increased, if appropriate, in response to 
25 a detected reduction in the torque requirements. 

Advantageously, in response to an actuation com- 
mand, the operation of the stepper motor is initially or- 
dered at the predetermined maximum frequency. 

The variation in the drive frequency can be 
30 achieved in a practically continuous way on the basis of 
the fluctuations in the detected-torque requirements, or 
in steps, the change from one step to another being or- 
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dered in response to the crossing of a threshold by the 
detected- torque requirements. 

By modulating the drive frequency, as appropri- 
ate, and thus the speed of the stepper motor on the basis 
5 of the torque requirements, the method according to the 
invention makes it possible to optimise the use of the 
available power. An over-dimensioning of the power, as 
would be necessary to deal with peaks in torque require- 
ments during transient periods within the phase of move- 

10 ment of the flaps, becomes pointless. Any such transient 
periods rarely represent more than 2 0% of the total time 
of actuation of the flaps, such that the slowing of the 
motor during any such transient periods does not substan- 
tially affect the total duration of the actuation. 

15 With the duration of actuation being restricted, 

it is possible, without risk of excessive heating, to 
make the stepper motor function in over-powered mode, by 
application of a power- supply voltage corresponding to a 
mode of operation with excess power. By way of safety, it 

2 0 is then possible to cause stopping of the motor if a 

heating- limit temperature is exceeded. 

The detection of the requirements for torque de- 
livered by the motor can be made by measuring a quantity 
directly or indirectly representative of the torque, such 
25 as a voltage measurement on one phase of the motor, a 
measurement of the current in a winding of the motor or 
measurement of the instantaneous rotational speed of the 
motor, a slowing below a certain limit, in this latter 
case, signifying the crossing of a torque -value threshold 

3 0 for the drive frequency used. 

A further object of the invention is to provide 
an actuator allowing implementation of the method defined 
above . 



This object is achieved by virtue of a flap ac- 
tuator comprising a stepper motor for driving the flap, 
an electrical power-supply circuit for the motor, a con- 
trol input and a control unit linked to the control input 
and to the electrical power- supply circuit for delivering 
to the stepper motor a power- supply voltage at a given 
frequency in response to an actuation command received on 
the control input, an actuator in which, in accordance 
with the invention: 

- means are provided for supplying the control 
unit with information representing the torque require- 
ments which the motor has to deliver in order to shift 
the flap, and 

- the control unit comprises means for adapting 
the drive frequency of the stepper motor on the basis of 
the said information representing the torque require- 
ments . 

A further subject of the invention is a vehicle 
air-conditioning installation comprising at least one ac- 
tuator . 

Brief description of the drawings 

The invention will be better understood on read- 
ing the description given below by way of indication but 
not limitation, by reference to the attached drawings, in 
which: 

- Figure 1 very diagrammatically illustrates the 
components of a motor-vehicle air-conditioning installa- 
tion; 

- Figure 2 is a diagram of one embodiment of a 
flap actuator in accordance with the invention; 



- Figures 3 and 5 illustrate processes for motor- 
speed management with an actuator such as that of Figure 
2; 

- Figures 4 and 6 diagrammatically illustrates 
two embodiments of a torque -requirements detection cir- 
cuit for an actuator such as that of Figure 2 ; and 

- Figure 7 graphically illustrates the variation 
in time of the torque delivered by an actuator stepper 
motor during a phase of shifting of a flap between two 
positions . 

Description of the preferred embodiments 

As Figure 1 shows very diagrammatically, a motor- 
vehicle air-conditioning installation conventionally com- 
prises a plurality of actuators 10 (only two of which are 
shown on the figure) for controlling the shifting of 
flaps for distribution and mixing of air so as to carry 
out desired functions of ventilation, passenger- 
compartment temperature adjustment, demisting, deicing, 
etc, which are controlled from a control panel 12. 

The actuators 10, as well as the control panel 12 
and temperature probes 14, are linked to an energy bus 16 
bringing in the battery voltage of the vehicle or a volt- 
age derived from it, and to an information link 18. 

By reason of the sophistication of the motor- 
vehicle air-conditioning installations, which is conveyed 
by an increasing number of components in these installa- 
tions, and in order to avoid having recourse to bulky 
harnesses of conducting wires, the link 18 advantageously 
consists of an information bus. The bus 18 is linked to a 
central control unit 20. This receives status information 
originating from the control panel 12, from the probes 14 
and from the actuators 10, such as information on the po- 
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sit ion of the flaps, and transmits control information, 
especially flap-actuation commands, by addressing the ac- 
tuators 10, the latter each having a specific address. 

As Figure 2 shows in more detail, each actuator 
5 10 comprises a microprocessor-based control unit 100 
linked to the information bus 18 via a bus interface 102 . 
An electrical power-supply circuit 104 linked to the en- 
ergy bus 16 comprises voltage-regulation, protection and 
filtering circuits for delivering a logic power-supply 

10 voltage Vcc to the control unit 100 and a motor power- 
supply voltage V to an analogue interface circuit 106. A 
geared-down motor 110 coupled to an air-mixing or distri- 
bution flap (not represented) comprises a stepper motor 
112 which receives the voltage V, from the circuit 106, 

15 in the form of pulse trains applied to the phases of the 
motor at a defined drive frequency, under the control of 
the unit 100 to which the interface 106 is linked. A data 
interface 108 is linked to the geared-down motor 110 and 
to the control unit 100 in order to transmit status data 

20 to it, especially data on the position of the flap, for 
example indicating the arrival of the flap at the end of 
travel . 

An air-conditioning installation and an actuator 
as described above are known to the person skilled in the 
2 5 art, so that a more detailed description is not neces- 
sary. 

In accordance with the invention, the actuator 10 
further comprises a circuit 12 0 supplying information 
representative of the torque requirements delivered by 
30 the stepper motor 112, in order to shift the flap, and 
the control unit 100 is programmed in such a way as, if 
appropriate, to modify the drive frequency of the motor 
112, and thus its speed, on the basis of the information 



supplied by the circuit 12 0 and received by the control 
unit, via the data interface 108 for example. 

Detailed embodiments of a circuit 12 0 will be de- 
scribed later on by reference to Figures 4 and 6 . 
5 The drive frequency is adapted during the period 

of actuation of the flap in order to adjust the torque as 
a function of the requirements. To a given drive fre- 
quency there corresponds a limit torque. By limit torque 
is understood here the maximum torque which could be re- 

10 quired from the motor in order to shift the flap. If the 
torque requirement becomes greater, the reduction in the 
drive frequency by the unit 100 makes it possible to in- 
crease the limit torque. If then the torque requirement 
reduces, the drive frequency can be re- increased by the 

15 unit 100, with a corresponding reduction in the limit 
torque . 

The management of the drive frequency of the mo- 
tor 112 by the control unit 100 is carried out, for exam- 
ple, as follows (Figure 3) . 
2 0 In response to an actuation command received via 

the bus interface 102 (phase 131) , the starting of the 
motor 112 is ordered, at a drive frequency f equal to the 
nominal frequency f max , which is the maximum drive fre- 
quency of the motor (phase 132) . The frequency f ma x is 

2 5 chosen so as initially to drive the motor in rotation at 

a maximum speed preferably corresponding to an over- 
powered regime. By over-powered regime is understood here 
a mode of operation at a power greater than the rated 
power of the motor, which is made possible by the reduced 

3 0 duration of operation during a phase of flap actuation, 

and makes it possible to optimise the use of the avail- 
able power. 



When it is detected, on the basis of the informa- 
tion received from the circuit 120, that the requirement 
for torque delivered by the motor 112 is increasing be- 
yond a predetermined threshold Si (test 133) , it is 
5 checked whether the flap has arrived at its final posi- 
tion (test 134) . If yes, the motor is stopped (stage 
13 5) ; otherwise, the drive frequency is reduced by one 
increment f so as to move to the value f- f (stage 136) . 

When, after moving to the value f- f, a reduction 
10 in the torque requirements below a predetermined thresh- 
old s 2 is detected (test 137) , the drive frequency is in- 
creased by the value f (stage 138) ; otherwise, test 133 
is returned to. 

When, after moving to the value f+ f (stage 138) , 
15 the value f max is reached (test 139) , test 133 is returned 
to; otherwise, test 137 is returned to. 

If the test 133 does not indicate a crossing of 
the threshold Si, the frequency f max is retained, and a 
loop leads back to test 133, if the flap has not arrived 
20 at its final position (test 140) , causing the stopping of 
the motor (stage 141) . 

The arrival of the flap in final position can be 
recognised by the control unit 10 0 in response to the re- 
ception of status information (for example arrival at end 
25 stop) corresponding to this final position. 

The process of Figure 3 makes it possible to 
achieve an adaptation of the drive frequency to the 
torque requirements in a near- continuous way, by choosing 
a relatively small value for the increment f. By way of 
3 0 example, provision could be made for a possible drive 
frequency f excursion between values of 600 Hz and 1200 
Hz in increments of 5 Hz. A safety feature could be pro- 
vided in order to stop the motor (stage 143) if an in- 



crease in torque requirements is detected by the test 13 3 
although the drive frequency is at a minimum value f min 
(test 142) . 

Figure 4 diagrammatically illustrates an embodi- 
ment of a torque -requirements detection circuit 120, of a 
type known in itself, capable of being used for imple- 
menting the process of Figure 3 . 

The voltage V b at the terminals of a coil 3 0 of 
the motor 112 is compared by a comparator 31 with a ref- 
erence voltage v ref fixed by a diode 32. The reference 
voltage is fixed at a value higher than the voltage nor- 
mally present at the terminals of the coil 3 0 when the 
motor is delivering the rated torque corresponding to the 
frequency at which it is driven. 

When the voltage V b exceeds V ref/ signifying an in- 
crease in the torque requirements, the comparator 31 
triggers a timing count by a counter 33. The value 
counted by the counter 33 constitutes the information 
forwarded to the control unit 100 via the interface 108. 

The threshold Si is fixed at a time value signify- 
ing the persistence of the increase in the torque re- 
quirement . 

When the frequency f has been reduced in response 
to the crossing of the threshold s x , the counter 3 3 can be 
reset to zero by the control unit 100 via the interface 
106 . 

The threshold s 2 is fixed at a time value less 

than Si. 

Figure 5 illustrates another implementation of 
the management of drive frequency of the motor, the man- 
agement being carried out not continuously but in steps, 
the drive frequency possibly taking three values, for ex- 
ample: maximum f maX / intermediate fi nt and minimum f m i n . Re- 
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peating the preceding example of a possible frequency ex- 
cursion between 60 0 and 12 00 Hz, f raax could be chosen 
equal to 12 00 Hz, f int equal to 90 0 Hz and f min equal to 
600 Hz. Moreover, the information forwarded by the cir- 
5 cuit 12 0 here is representative of the value of the in- 
s t ant aneous t orque . 

In response to an actuation command received 
(phase 151) , the starting of the motor is ordered at the 
frequency f max (phase 152) . 
10 If the instantaneous torque exceeds a first 

threshold cpi (test 153) , the drive frequency f is reduced 
so as to move to the intermediate value fj. nt (stage 154) / 
g otherwise, it is detected whether the motor has arrived 

at its final position (test 155) in order, if so, to stop 
J] 15 the motor (stage 156) or, if not, to go back to test 153. 

After moving to the frequency fint/ it is detected 

whether the instantaneous torque exceeds a second thresh- 
ill 

old cp 2 (test 157) . If yes, the frequency is again reduced 
and moves to f min (stage 158) . It is then detected whether 
□ 2 0 the torque exceeds a third threshold cp 3 (test 160) , so 
as, if appropriate, to cause an emergency stopping of the 
motor (stage 161) . 

If the threshold cp 3 is not exceeded, it is de- 
tected whether the instantaneous torque becomes lower 
25 than a threshold cp" 2 (test 162) . If yes, the drive fre- 
quency is increased so as to move to the intermediate 
value fint (phase 154) ; otherwise, it is ascertained 
whether the flap is in final position (test 164) in or- 
der, if so, to stop the motor (stage 165) and, if not, to 
30 return to test 162. 

If the test 157 indicates that the threshold cp 2 
is not exceeded, it is ascertained whether the flap is in 
final position (test 166) in order, if so, to stop the 
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motor (stage 169) and, if not, to detect whether the 
torque becomes less than a threshold cp'i (test 167) . If 
this is the case, the drive frequency is increased so as 
to move to the frequency f raax (phase 168) ; otherwise, test 
5 157 is returned to. 

After moving to the frequency f max , test 155 is 

entered. 

Figure 6 diagrammat ically illustrates an embodi- 
ment of a torque -requirements detection circuit 12 0, of a 
10 type known in itself, capable of being used for imple- 
menting the process of Figure 3 . 

A voltage V f representative of the current trav- 
ersing a coil 30a, 30b or 30c of the motor 112 is picked 

li] up at the mid-point of a voltage divider formed by two 

iU 

Lm 15 resistors 36, 37 in series with a coil, in this instance 

U 

l : j the coil 3 0a. The voltage V f is digitised by an A/D con- 

L verter circuit 38 and forwarded to the control unit 100 

U via the interface 108. 

The voltage Vf represents the counter- 

P 20 electromotive force produced during rotation of the mo- 
tor. When the motor slows, the sign of an increase in 
torque, the voltage V f decreases. It is therefore in- 
versely proportional to the torque delivered by the mo- 
tor . 

2 5 In the embodiment of Figure 5, the values cpi, 

cp 2 , cp 3 are chosen as a function of the limit torques for 
the frequencies f max , f int , f m in, more precisely a little 
below these limit torques. 

Figure 7 shows a curve which represents the 

30 variation in the torque delivered by a stepper motor dur- 
ing actuation of an air- inlet flap. A momentary increase 
in the torque requirements will be observed. 
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The torque thresholds cpi, cp 2 , cp 3 are repre- 
sented, as are the limit torques cbi, cb 2 , cb 3 correspond- 
ing to the frequencies f max , fi n t and f m i n . 

The torque thresholds cp"i and cp' 2 , are also rep- 
resented. In order to avoid instability, values for cp"i 
and cp' 2 will be chosen to be slightly less than those for 
cpi and cp 2 , respectively. 

The flap is driven at maximum speed corresponding 
to f m ax between the times t 0 (starting) and ti (crossing of 
cpi) and the times t 4 (crossing of cp'i) and t 5 (arrival of 
the flap in final position) . Between the times t x and t 2 
(crossing of cp 2 ) and the times t 3 (crossing of cp' 2 ) and 
t 4 , the flap is driven at intermediate speed corresponding 
to fint- Between the times t 2 and t 3 , the flap is driven at 
minimum speed corresponding to f m i n - 

Needless to say, the embodiment of Figure 3 could 
be modified in order to control the drive frequency in 
steps, while the embodiment of Figure 5 could be modified 
to control the drive frequency in a near -continuous way. 



